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(57) Abstract: Substantially lead-free piezo- 
electric ceramic composition and piezoelectric 
element that excel in piezoelectric characteristics 
and exhibit high thermal durability. In particular, 
a piezoelectric ceramic composition comprising 
metal elements represented by the composition 
formula [( 1 /2)aK 2 0-( l/2)bNa 2 0-cM lO- 

(l/2)dNb20 5 -eM202] in which Ml refers to a 
divalent metal element or combination of metal 
elements equivalent to divalent; M2 refers to 
a tetravalent metal element or combination of 
metal elements equivalent to tetravalent; and 
the relationships 0<a<0.5, 0<b<0.5, 0<c<0.11, 
0.4<d<0.56. 0<e<0.12, 0.4<a+b+c^0.5 and 
a+b+c+d+e=l are satisfied, the piezoelectric 
ceramic composition containing a metal element 
(M3) constituting a sintering aid component in 
an amount of 5 pts.wt. or less per 100 pts.wt. 
of the sum in terms of oxides of K, Na, Nb, Ml 
and M2. There is further provided a piezoelectric 
element comprising a piezoelectric body constituted of this piezoelectric ceramic composition and, disposed in contact therewith, 
a pair of electrodes. 
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[0001] *3&9Jtt, JEEtW^«adi«jR"0«jBE«* ; f-J;:H«o JE^PlXte, »SrKE«ttK: 
^f-fri\ JE«W±Ki«tL, Hi-fi* «nytf»W^tt*W«H«««a^& 

JCttiEEft^*, v^nti, ^SiElij^S, {i«^J^l^B, jgi» 
[0002] ^3f5*^ftm$ttTV>SflE«afe§S<©#<««&Sr^W-f"S^, #&tfS^W^U£ 

So a&^wi&sr^^rwev^jEmais^uTtt, (m Na )Tio mt&%>RTf 

0. 5 0. 5 3 

hZk^mm&hZo rtU^LT, #J;L«\ TIS#fF^cmi^U ? TIS^f[ : 5:m2 

[0003] #fF^cmi:#^BS56-12031#^ 
#fF£tfc2 : l-228227#^« 

[0004] ±fB4$ffc*:ilfclfctt, (KNa ) NbO izMfc&RXfi/XY&mk=''<'l'h&i$& 

X 1~X 3 
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So — ilS^fF^C^iCfi, (K Na Li ) (Nb Ta )0 -mlm20 (mltt2 

1— x— y x y 1— z z 3 3 

[0005] #3&8l3te, ±8B«UBS^»-f-5t>©T?*>5, ^Sr^StW^^T-^i - , gfefcttfctf 

So 

[0006] &&mn, i*JLTi^i-ii«9-efc5 0 

(D&JR5c5ltK^ &JR5E§&Na£, ^MTclfNb^ 2flfiO^JR5c^Xtt^fcbT 
mot, ^-a^TU K, Na, Nb, 0EMlXt^EM2Sr, *lJ&*S[(l/2) aK 0-(l/2 

2 

)bNa 0-cM10-(l/2)dNb O -eM20 ]-C&Ufc*£K: % 0<a<0. 5, 0<b<0. 

2 2 5 2 

5, 0<c<0. 11, 0. 4<d<0. 56, 0<e<0. 12, 0. 4<a+b+c^0. 5, a+b+c+d+ 
e = l4riftfcU K, Na, Nb, WAlRXf&M2<D&*<DWi4t®1^fo&ft&&&K 

(2) k, Na, Nb, ±mAimi±MM2(o^^ (Dmim^mz^n^^nm^ 

10Q$tmtobU£&k\z.^ ±|BM3«^^^-C0. lKfi«B£;ji"efe5±IS(l) 

(3) _LfEMltt, Ca, Sr, Ba, (Bi Na )RXf{Bi K )©5*>^*<feV>i* 
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n*»"t*&s±tti (i) xfc (2) \z.%zm<DEtm,mmB.j&%>o 
(Dot?™ ^TnfriztzM(Dj£mmmB.f&m 0 

(5) _b|5M3«, Fe, Co, Ni, Mg, Zn&t^CuCD^^^KK^VN-f tifi>X*fr>Z>± 

(6) JhfEM3{3u CuirFe, Co, Ni, Mg&t^ZnO^^^Kir^T tlfrb<D%R 
^fcHtr-efc5±iE (l) 7!/^ (5) cd5^ov >i* tbd^^lE4fe©JEm«»»«a^^o 

(7) (a+b)/d^l. 00T-fo5±IE(l)7!;^(6)(Z)9^^»V>-f^^|Bic(D/dEma 

(8) 0<c/ (a+b + c) ^0. 20-CfcS_biS (1) (7) £>5^>OV ^i* *Lfl»fc!E4&tf> 

(9) Jt|Effmai§*a^fi, ^JStg^UTK, Na, Nb, _h|EMl, _L|BM2,&.U* 
±ISM3(CjjP^TLi^^TUT*5"9, ±fam^ c f 3 ^)K^.U?Na(D5^0^^<^- 
j3<D—nt^&U\zW&£tlX\ ^±15 (1) 73rS (8) (Do%<D\ >"f tb*>fc|S<ft©ff « 

(10) ±IBflE«Baiiafi!c«W:, &JS5c#fcl/rK, Na, Nb, _h|BMl, ±fBM2& 

*vO ^±IE (1) 7bm (9) 05^>OV >i*tt*^c|B«£OJE«flfegffl^c#J„ 

(H)±|BJE«BtSi|ajaW(4, &M7CiJf£L-CK N Na, Nb, _b|BMl, _bfEM2S: 
t^±|BM3tc*P^.TSbSrg-WbT*3«J % ±fEffi/&^<Z>Nb<7>— lH$a s l£SWc:S&£ 

*vrv n5±ie (i) (9) o5^>^v >i"n*^cia«j©jEE««»*«aj^^o 

(12) s<v7x*JhM1&&m 3t«r^ri-6±1B (1) (1 1) ©5*>©v ^*xa»teflE 

(13) ±l5-<n^^h^^«^^ B m^M-r^OTfcS±lE(l2) tdlEgc 

(14) ±IS (1) 7?;M (1 3) ©5*>©v ^ti^»i^lE*©JBE««i»«afi!t*36»e>*Sffi« 
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[0007] *&&<D&wmm&mizj:tit£. mtitcmm^^wx^ 0 &it. msm 
ioooppm*«) <Dm^wM*mmkvx^frzh<Dittmw\z%> 

M3^\ Fe, Co N Ni, Mg, ZnRTfCu<D5%<D'Pte<kh\<^-? *T,a»T?*>5SHK X 

^xhzm&, mzmtitcmw&ft&^LZinZo 
o<c/(a+b+ c ) ^o. 2o-vhz>m&n, £<omthtcj£m¥f®ifrmw$ftz> 0 

(a+b)/d^l. OOTf&S^Eu W^fc^tt^m^S, 
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<mwx%& 0 

<mwx%z>tziirxte< , ftm&mm(DV—?m<Dm^&*m\ztfiMx%z> 0 

^c/(a+b + c)?r, 0<c/(a + b + c) ^0. 20<7^Hf;if|fi-r5<£>^J;V\ r^T% 
c/ (a+b + c) te, -<n^^h^O^r 0 «itOAi?-^h^«^i-^jS7tm^^ 

[ooo8] [m 93 (Dj±.mm^-(D— M<D&nmx&z> 0 

[0009] 100;Hm^, l;J£*ffc. lliKiSft, 21, 22;Sff$:Jfo 

[ooio] *mm^^^x^^TWm\zmm-rz>o 

*mw<Di± , mmmB.f&m-£, &m,7tmKk, ^mjtmNat, ^mytmNbt, 2m 
(D&m^mxn^w-b^x2ffiizm^z&m^mmB.&-&Mib. 4m<D&m5t 
mxfe^fttvx4mfcm^&&m7tm<Dm.& j &M2k, m^mn^^mrr 
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[0011] iisrMij^, 2ffi<D&m7umxi&±{£bvx2mizn%irz&mK%<omtt 
rr-e, r±fctvT2mizn^-rz>&mjim<Dm&it} okat, m^2m<Dm^ 

J b^o) bVXte. TIE (1) - (4) &mfZZbtiS-C%Z> 0 

(1) (Bi Na ), (Bi K )RX*(Bi Li )^^2ffiT«^V^M7n^(^ia 

O. 5 0. 5 0. 5 0. 5 0. 5 0. 5 

(2) (Ca Sr ) , (Sr Ba )S.l5(Ca Sr Ba )#02#0^:M7n^(D 

0. 5 0. 5 0. 5 0. 5 1/3 1/3 1/3 

(3) (Bi Na ) Ca , (Bi Na ) Sr , (Bi Na ) Ba , (Bi K 

O. 5 0. 5 0. 5 0. 5 0. 5 0. 5 O. 5 0. S 0. 5 0. 5 0. 5 0. 5 0. 5 

) Ca ,(Bi K ) Sr RXf(Bi K ) Ba ^©2tirT?fi/j;V>&JR 

0. 5 0. 5 0. 5 0. 5 O. 5 0. 5 0. 5 0. 5 0. 5 0. 5 0. 5 

^mmK^b2m(D^m^mbm^^M^i^b^x2m^n^^m^ 

bt£^X\<^Z>h<D 0 

(4) (Bi Na ) (Ca Sr ) , (Bi Na ) (Sr Ba ) , (Bi K 

O. 5 0. 5 0. 5 0. 5 0. 5 0. 5 0. 5 0. 5 O. 5 0. 5 O. 5 0. 5 0. 5 0. 

) (Ca Sr ) ,RX$(Bi K ) (Sr Ba ) ^<©2flj"T?l*&lv&JR7G 

5 0. 5 0. 5 0. 5 0. 5 0. 5 0. 5 0. 5 0. 5 0. 5 0. 5 

mms.^b2m(D^m^m<D%K^b(D^m^^x^.±^bvx2m\m^ 

[0012] Z.jnb<DMl(Dt£frX-b,Ca s Sr, Ba, (Bi Na )RXf(Bi K )©5*><£>4>ft 

0. 5 0. 5 0. 5 0. 5 

<bh^^-ftlfa&*£l£th&h<D{Wtbs Ca, Sr, Ba, (Bi Na )Xf*(Bi K 

0. 5 0. 5 0. 5 0. 5 

^*tt5t>©, MtWC, Ca, Sr, Ba, (Bi Na )RU(Bi K ) <Do%<D'pf£<b 

0. 5 0. 5 0. 5 0. 5 

[0013] ±IErM2j(i, 4jffiO^M7n^Xf*^i:br4#^^-rS^M7n^cO*a'^-B: 
Xh&o Z<DUm<D&m7tm}bVX^ Ti, Zr, SnS.OTf^^tf5^ir^-c#^. 0 
*fc, r^^UT4ffi^ti^-r6^M7u^^l^- J ti:j (^T, ^ r4lffi<D|&-^J £ 
V^) iUTf*, TIE (1) - (4) £ WSr^T^So 
(l)(Ti Zr ), (Ti Sn ) , (Zr Sn )&U*(Ti Zr Sn )^tf)4ffitf> 

0. 5 0. 5 0. 5 0. 5 0. 5 0. 5 1/3 1/3 1/3 

^m^m(Dm^^xv.±wbvx4m^^^m^bf^x^^h<D 0 
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(2) (Mg Ta K (Al Ta h (Zn W ) ^04jrCte&V^Jl7GSf tf>|& 

0. 33 0. 67 0. 5 0. 5 0. 5 0. 5 

(3) Ti (Mg Ta ) , Ti (Al Ta ) #<7}4ffi-m&V v&^^ci^ 

0. S 0. 33 0. 67 0. 5 0. 5 0. 5 0. 5 0. 5 

(4) (Ti Zr ) (Mg Ta ) % (Ti Zr ) (Al Ta ) *£(D4tffi<D& 

0. 5 0. 5 0. 5 0. 33 0. 67 0. 5 0. 5 0. 5 0. 5 0. S 0. 5 

(ipib. Ti % ZrXnSntf ^tl&^CD, &TJH^ Ti N ZrRtfSn(D?1b<D'J?t£<bi>2m 

fc<5o 

[0014] _LfsrM3j mM;®Mf&ft*Mi$-rz>&m7cmxh% 0 m^M^ti-iM3 

m^?j:Z&mfc<DMmi£*Mm.-i-Z>^b&X%Z> 0 ft, M3«U K, Na. Nb, Mlb 

b-oiffl £thz>&m7t,mR-utM2 bL-xmm ^th^m%m^<^m,j^mx-h^x 

, iiflS\ m&&m7tmX&V, fr^T*^ Fe, Co, Ni, Mg, ZnRXJ^Cuf)m^^\ 

&m7tmteim(D&xfr^xh£<. 2m^±xh^xhx<. 2m&,±<Dm^n, cu 
b<Dm%h&t>tt w*uv \ r (DCubm^^xm v ^^mynmb^xumtm 

[0015] r©M3li, K, Na, Nb, MlRXfM2<D&* £^{b^&^L/c^trSf:fcSrl00fC 

m&bvtcm&K, mim&nx5m&i®&T<e;m£tiz>o sftAn&mzxttis 

M30n(n«M3(D«}^CT^5^icXtt^)^bT^#-t-6o M*-t£, Fe 
{2FeO , CofiCoO , NiteNiO, CufiCuO, ZnfSZnO, MgteMgO<bbT#l 

3/2 4/3 

w--rz>h<Db-?z> 0 ft, z.<DM3<D^m<DTmmz, mm&M-vo. mmub-r 
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LTtt, K, Na, Nb. Ml&t) ! M2©#* ^fb^^bfc^ff-KA^lOOKM 
irLfdt^, BMb*iWlfCO. 1-3. 5||*§lk «MO>. 1-2. 0»ffi<Z)i&eBrt£ 

[0016] Ml, M2RXfiM3<Dl&fr&t>&\'3LtfriZ.fflife£tlteWK Mlbl,XffifZ<D£.5\Z.Ca 
,Si\ Ba, (Bi Na )RU(Bi K ) <D5h<D'pf£<bhl< tL/^^tL^cD 

0. 5 0. 5 0. 5 0. 5 

t>©S:fflV\ 5.oM3^bTMIBO<t9^Fe, Co. Ni, Mg, Zn&tfCutf)^©^ 
<thlU, m^CntFe, Co, Ni, M g> Znt&m^^TfflV^^W^LV^ 
Ml, M2& t>*M3£^<Z) «fi^^;b-#Tffl v ^fdM&n, J±m¥f , &%£'Qfa±&"£ 
&^b&X%Z> a 

[0017] ^mm<DBmmmmm-i, ±U(D^m^^m^mRxf^m^m(D 

Hi-&&<D5*>(DK.* Na, Nb, M1&I/M23:, fe&5£[ (1/2) aK 0-(l/2)bNa 

2 2 

0-cM10-(l/2)dNb O -eM20 ]T^bfc#-^^, rttb^>^Jl7n^X^ 

2 5 2 

[ooi8] ±iarajr±, ¥L<Dmtmi/2(K o)mmz£%*r/u)kzmu o< a <o. 5(#&l 

2 

<tt0. 2^a^0. 25)t?feS 0 atfSO. 5&±£&5i&*gtfe&S<6T1-5#^tf5&9#£ 
ifElbjte, Na<E>IMt«9{l/2(Na 0)}Jft||[H:J;5*/VJfcSr*U 0<b<0. 5(0 

2 

U=L<teO. 2^b^0. 25)-C*>* 0 btfSO. 5&±bteZkffitefe&i&T'rZ>m&&1bV 

_LfEr c jte, Mi©ifc'ffcW(Mio)llUfK:J;5 j e/vJt**U o<c<o. ii(*mx 

{30. Ol^c^O. 1)-C&5„ ctfSO. ll|UJ:^&5£JE«q«©{6Ttf s *#<fc£» 
±IETdJ«, Nb©BMb*{l/2(Nb O ) }JIIJM£<fc5^W***U O. 4<d<0. 5 

2 5 

6(£?£L<teO. 4<d<0. 5)T?*)5„ d^O. 4|^TO5i:BEl#tt^f P,^V ^ 
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±|Sr e j{t, M2(D^^(M20 mm^^^it^mU 0<e<0. 12(£f;£lX 

2 

{*o<e<o. i)-efe6o e^o. i2&±x*fozbmmmmmbnfo^m&&h v )&~$ii, 

[0019] ±|Sr a + b + cJ{i, NaRXfMKD&wtf^tt&MV, 0. 4<a+b + c^0. 5t? 

&3 0 a+b+c^o. 4^TXttO. 5£jg;t5W£®#t£^*#<{&Tt-5^^fc5 

_LfSr c /(a+b+c)j«:,K N NaRXJ^MKD^-fj-^r^i^KMir^MKD^rJVitfD 
m&&m-to MP^> *^BJ^i±ma»^^#^-r§K, Na, Nb, Ml,RO«M2 
£(K Na Ml ) (Nb M2 )0 ^Ut^^ AlMhft ^m5&JS7ui?f 

a b c d e 3 

(DMKD^/I/^fc^o rcD^/Wfcf^ 0<c/(a + b + c) ^0. 20t?foS^i:^f *U 
V\ c/(a + b + c)^0. 20J^T> #(-0. 15^T-efctU£\ ^^'ffitbfcM^'tt^ 

[0020] ^P^Offi*a^m^(C^^n^M5umo5^COKS.U?Na(Ml^b 

§e^*«#(cPI^fl^V>^ > KRTfNa<D^mKtt-tZ>^/l/lk{U/ (K+Na 
)}-C0. 3^T($f*b<«0. 2WT. H^£?;£lXteO. 15^T.M^0. 00lW_h) 

^^Ta^J;^3S^^^Tv^-c l bJ;v^ 0 Ta<Dwmmnmzmfe£ti?&^K Nb^*J-T 

Sb^J:f9gm$ti,Tv^J;v\ Sbc9e^*{i#^PH^$tL/ e ev^^ x Nb^^-f6^- 

/l^j:b(SbXNb)T0. 025i^TT^o 0. 025£iTX*hth&, M^S^^fr-k^ 
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[0021] *&w<Dmwffl&mj&®<Dm&mmi*.mmi£ZM:^i>K iztvx^* 

[0022] *|§s^©J±«Mfe^*feli#l-PI^^i^^ a3t, 

is^xm<t> <R«gxet, mr^xMt, m&xmk* ^mnut^n% 

JS^«^lSfi, K, Na, Nb, Ml, M2^t^M3^^f$tU^b^MV\ ffc 
^4 I ^^*tL^#^M^m» ; e^l:b^_h|Em^^*3^6a > b, c, dRTfe%m 
fcb, 5.0, K, Na, Nb, MlRX^M2<D^-^^mt^}^WVtc^f\rW^100MM 

o#m^^t#^i-^^m7c*(Dim^^^^n^b^^fcoTtJ:v\ 

[0023] fSlSli, JDM*W^XS^&Hfc««JWWS^^i-*XS"T?*><5, wtf>{5^ 
aft, <R^i^ra&^^#H^tt#^Pfi^tt*v> 0 0)J;ttf, {K&afttt, M 
if, ^izli-rs^?aftJ:«9^g:v^a^T^«96oo-iooo 0 c-efc?)o 

[0024] ^figfi, umiMx^titciKmm^M-^m^mKvtc^ mz-ttt 



WO 2004/106264 



11 



PCT/JP2004/007392 



fttmmjf&fcfr^x (cip) &m^<D=L]tkj&j&&ft5z.k&'T*%Zo 

[0027] L2^mm^ 

mi-z&te<b^—tt<Dnmk&mz-z>i>(Dxibz> 0 

tib<DMw<Dj£nmm$imm£tixm!£ztix\, ^xh^ \ 

j±mfc<D— mtmmkfc&*mf&t$tixi^xh£<, &*<Dwm&mmfc<DW\ 
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^mn^-Tc ^(Djznm^ioon, Rm.mzte&zti&kki>k^ ^^m^nmi 

%Hvxti:z>m#m2u 22(-tt<Dmm)k*^z-z> 0 
[0028] agst^-^M** #?xz7»yhks mm&ftks mwmftk&m^xm&rezzo 

JfyXyVvbkVXte, SiO , Al O , ZnO&OTiO t£¥frS&-fZ>h<D& 

2 2 3 2 

mm~fz>^k&x%z> 0 ^(Djf^^vvhi^v. mwm&m&tofrbteZEmftk-- 
tt<Dnmk<D&&mm&fa±ttz>zk&T*%z>o 

*fe€ltt20 /z m^T *b<f*l— 5 n m) T'fcSr^W^bV^ 20 u m^Tt? 

[0029] J^T, HJfeM{-«tt)^BJ^#:^(^B^i--5o 

[1 ] JEE*#©tfs» l J^i-H^J 1 - 20^o V N "C) 
miSCK CO Na CO CaCO SrCO BaCO Bi 

2323 3 3 32 

o mm, Nb o &t*, tio «&5fc<p#* sr«v\ Mism^^^^tt^a, b, c 

3 2 5 2 

, d&Xfie<D&*jbmi<Dm&kteZ£lfcW&L1to H^, miS^Fe O tfr*. Co O 

2 3 3 

ifft*, ST>\ CuO*&;fc©#*S:JHV\ K, Na, Nb, MlRT$M2(D&* (Dmit<&) 

4 
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MT600-1000 o C-Cl-10B#ffi^b-C^^ibfd o ^X\ ^(DiS.^^— 
SV^MZX, ftl&m. y<^^RX^^/-^M^xn^'m^X^V-tVtc 0 
^(DW:. i©^7y-OTL, at*fcU J±Jj20MPaX-m7*^$:ft\,\ 
li:^20mm N J?$2mm)S.t> 4 Fqft^(il:#3mm, |i$8mm)©2S©^tMt 

900-1300^1 — 10B#P^#LT^&Lfc 0 
Ml— 3, 12&m3Ti3^Tt&/^ofc 0 

[0030] 
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[0031] [2]ff«^0f^t4(^2^-miftM21-39^OV>T) 

migc^K CO Na CO Ca CO ffiji, Sr CO BM. Ba CO 

23 23 23 23 23 

Nb O BMs RXJ^TiO »5l5©#*S:ffiV \ mmS.^^n^>a, b, c, dRVeCD 
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[0032] ft, m2K7jk-fmmM2l^ 24, 26, 27S.TJ«30(COV^-C{*, ffiSl^H^roll 
/&5££[(l/2)aK 0-(l/2)bNa 0-cM10-(l/2) dNb O -eM20 ]T^b 

2 2 2 5 2 

Nb<Z>— §B^sb^«m$^J;5{C N Sb O d' (Sb)^g2(D 

2 3 

*Jtt^6J;5i-#*bfc[*2^*D^^d^*Jtf4, d' (Sb)^Nb O ^5fc<Z>*lfc£ 

2 5 

^,Ta O ^SrfflV\ d ' (Ta)^20ftit^6«t5^#*Lfc[^2(vl*5^6dO 

2 5 

*jfcte, d' (Ta)^Nb O m^<Dm&*^&fcmmWJ:mSt&7r;L.X^Z>o Do 35fc, 

2 5 

^2^-m^M37-39^0V^Tfi, JBE«»gffi|iaj^<03|aj5K^SrJi3fi©fc33»)* 
Ut^d, KXteNii(D—WLi\Z.m&£tlZ>&?^ Li CO ife&5fcS:JBV\ ^2<D* 

2 3 

TV>5o Bpib, ^2fC*5tt§b(D*it«, LWmtttNa CO i^cDittSr^Wc:* 

2 3 

^ft&*J:fc£^LTl>5o )] Q 
[0033] &V^, TfTlgOCo O BM, MgO^, NiOifft*, ZnOffiM. RUCuOBM(D 

3 4 

K, Na, Nb, Ml^.U ? M2(D#^CD^b:^»:t*5^'^fi-W*^ 
-t-§M3<^^b^m^fc*3^®*^2^-r afBifc*J:5fc^*Ufco ~tlt> 
<DBj£\^? /—Ji-%:1)VZ-Xtf—J^MZ.Xl 5^fi\m^M^X^)— %mc 0 ^ 

<D^^v-^^xmhtitcm^mm^±H^mnr6oo-iooox:xi-i 
ommiRmvxum^)tvti 0 #ci^c% ^coumm^-^M^x, ftumu ^mv 

U 3£^U J£^20MPaT»— 3tt:7V*£fTV\ R^(E^20mm, I$2mm)X 
^RMd^Smm, ii5$8mm)(02®cD^^^Lfc 0 
^<7^, fit^ 150MPa-CCIP^LS^fTV\ #^fcCIP^°U^^^#iaMT 

900— 1 3oo°c-e i - 1 om^wvxm^.vti 0 

nmM2 1 - 39 tco V ^Tte^TM3£r^£itrfc;i , -£xm%£XZtc 0 
[0034] [«2] 
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^2*>, ^WJ(Dffl^Lfc*fP^M:^p 0 o-efe^^^E*i-5o tilt. a«I 
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tout * m&&ms*&w<oi&mfrhfi\-tizz.b&M&-tz> 0 
[oo35] i&]mnx*<Dim(MM<o]&&.) 

±Tm*mrwmvtco #^t\ wm&<z>±-rm\^ sio , ai o n zno&tmo 

2 2 3 2 

?F^$Hfc^^^r20— 200°C^{^mbfc»^--r^ V^/W) fc$gi*L 

[0036] i4if±m^<Dwm 

EMAS6000M)~X^V\ ±|B[l]T?#fetLfcJEm^fflV^, ±|E[3]"t?^ 

33 0 

r 
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Ak :k^Mb^{(k-k*)/k X100, WSL:%) 

r r r r r 

33 
33 

Ak :k -k *)/k X100, 

33 33 33 33 33 

33 
33 

Ad :d £itm(d -d *)/d X100, 

33 33 33 33 33 

EMAS6000v4>— Xf^V\ _L|5[2]T^#btLfcJ£«#:^V\ ±|B[3] 
fi_h|5b7tl0@c7)#'t4^9^^ ^^m^^tt^V^^ f Ve >k,d (D3S 

33 O r 33 
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itrHP4194Aj)£fl!V\ lkHzlC*5tt«#«»*©«^l|Lffibfco ^MM 
[0037] [*3] 
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[0039] [3]^^tB^ID^ 

±fB[l]&m2]^1#ib;?X7^^ 

[0040] [4]a&£ 



WO 2004/106264 



20 



PCT/JP2004/007392 



£rrts#a>5 0 £fc> H*Ml2fiH*^J8{^LT, HWJ13^*^J10^LT^- 
^M3^^$tt^V^T^^^oTV^^^M3^^$tt5r^^^Ufcrt 

[0041] (2)j£«#tt 

33 0 

50-440£{6<, c, dS.TJ«e^^0J<D^IS^T*fcSII*Ml6-C*fi, J±m# 
fcotl), M3©^fi^ % K, Na, Nb, Ml&t*M2<£>#* (DWtfkyo&MlZ.&tfZ 

ZtllZMLX, *mW&X*$>Z>m%k&\7—ll, 14, 15. 17-35^.^37^^39^ 

JS, itffim^ e V £ {2590- 1535-Cfc>9, $H-H*0!|7, 8, 10, 11, 17, 18, 

33 0 

20-32, 35&t537— 39"miOOOJBU:-Cfc!5 H W*>tt^lK0!l24-Cttl535fc#|5flf 

[0042] #&WifiiTfe5ll**0!l7~ll, 14, 15, 17-35&U<37-39-e«:, Mf&Wl 

<DmMMWfc&&Wtete.O. 150-0. 415-CfctK HMJ8, 9, 14, 17, 18, 20, 

r 

22, 25—27, 3 3S. ^38^(^0. 300^_b"t?fe«9 N y9^ttH^Jl4, 26-CfiO. 40 
0^±t#S^*£Vvfit:£LfcUh o PJ«^«^tffil«^^fB:k ttO. 274-0. 53 

33 

0-e&«9, #^HW!j7^V^|IW!|Trf*0. 307-0. 530^#VMt^b^(^ 
*M21— 39(COV^«, k ©WfljStfToTlvfcV^ ) c Mi-, AP^HU^)J±®^S 

33 

icd «:50— 200pC/N-O&9, H^!jl8, 20, 26X^27-0^1 50pC/NSrj@x. 

33 

, ^^H*M26T*fi200pC/ / N^^^^:tV MiSS^L/to 
[0043] (3)Wtt 

it|5?D n p-efc6MWJ4-6-e«, Ak, Ak &I5Ad (T^TK&V vr{£TW3 

r 33 33 

^tU-*fLT, #3PJ!n a n^fc5l^#|7-ll, 14, 15S.TJ«17-20t?«, Ak, A 
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33 33 

11, 14, 15&m9-m20%^T£3iJ&LT:fc 1 9, 
[0044] (4)^^ H t@ 

**MiaT?*)SlHfeM7— 11, 14, 15, 17-35, 37-39<D^^ti(* , ^ 



WO 2004/106264 22 PCT/JP2004/007392 

[1] ^JiTcStK^ 

K, Na, Nb, ^MlS.m^M2%, 
|aj&5£[(l/2)aK 0-(l/2)bNa 0-cM10-(l/2) dNb O -eM20 ] 
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